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Urbanisation causes an increase in developments such as 
the erection of hotels and residential housing complexes near 
sandy beaches. The impact of such developments along 
coastlines is varied, but includes habitat destruction, pollution 
and disturbance to wildlife (Nordstrom 2000). Although these 
impacts can be assessed using physical measures (e.g. dune 
profiles to monitor erosion: Andrade and Ferreira 2006), they 
can also be assessed biologically using indicator species as a 
proxy to monitor ecosystem health.
Ghost crabs (Ocypode species) are one of the largest 
invertebrates found across sandy beaches in the tropics 
and subtropics (Barros 2001; Lucrezi and Schlacher 
2014). They inhabit burrows up to 1 m deep and feed in 
the intertidal zone, predominately nocturnally (Wolcott and 
Wolcott 1984; Jackson et al. 1991; Moss and McPhee 
2006; Schlacher and Lucrezi 2010). Ocypode spp. are 
an important link in beach foodwebs as they feed on 
detritus, including carrion, and predate on crabs and clams 
(Wolcott 1978), in addition to being a prey item for other 
species (Lucrezi and Schlacher 2014). As such, they are 
a useful indicator species for sandy beach ecosystem 
health. Indeed, the density of Ocypode spp. has been 
used as an indicator of anthropogenic impact on beaches 
across their range, and has been found to decrease as a 
result of human impacts (Wolcott and Wolcott 1984; Barros 
2001; Moss and McPhee 2006; Neves and Bemvenuti 
2006; Lucrezi et al. 2009b; Schlacher and Lucrezi 2010; 
Aheto et al. 2011; Jonah et al. 2015; but see Schlacher 
et al. 2016). The density of Ocypode populations can be 
measured using a variety of methods, including visual 
census, physical collection of specimens, and counts of the 
number of burrows as a proxy for the number of individual 
ghost crabs (Schlacher et al. 2016). Although burrow counts 
do not indicate the exact number of individuals, it consti-
tutes a quick and cheap means to assess the ecological 
condition of beaches, with minimal disturbance (Lucrezi 
2015). Nevertheless, although indicator-species counts 
are a simple method for assessing ecosystems, they 
are not without limitations, since species may be overly 
sensitive to certain stressors and could produce artificially 
low population density estimates in certain situations. For 
example, Ocypode spp. burrow entrances can be obscured 
or may collapse as a result of human trampling or physical 
conditions, such as wind, creating low population density 
estimates that lead to conclusions that the stressor is 
worse than it actually is (Lucrezi et al. 2009a). Therefore, 
the results of studies using indicator species to monitor 
ecosystem integrity should be treated with caution.
Watamu Marine National Park (WMNP), Kenya, is 
one of the oldest marine protected areas in Africa, being 
designated in 1968 (IUCN 2004). The main focus of 
research there has been on coral reefs, with only one article 
published on sandy beach ecology (Jones 1972). Jones 
(1972) examined the density and behavioural patterns of 
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two species of Ocypode and related these factors to feeding 
strategy and prey availability. Tourism and development in 
WMNP have increased considerably since Jones’ (1972) 
study, with a number of new hotels having been erected in 
the past 40 years (HFRH pers. obs.), but no research has 
been undertaken to determine the extent of the impacts on 
the beach ecosystem.
This study aimed to assess the density of Ocypode 
burrows at four beach sites in WMNP (including one used 
by Jones in 1972) which differed in the scope of human use. 
Specifically, we tested the hypothesis that Ocypode burrow 
density would differ in relation to the degree of development 
(hotel or residential housing) adjoining these sites.
Methods
Site descriptions
Four beach sites were selected (Figure 1): two sites in front 
of hotels (high degree of urbanisation), and two sites in 
front of residential housing among coastal scrub, and which 
had a minimal amount of development and associated 
disturbance (low degree of urbanisation). The sites were 
otherwise chosen to be as similar as possible in terms of 
beach profile and wave action. 
The first hotel site (Turtle Bay Hotel) corresponded to 
a location in front of the same hotel where Jones (1972) 
undertook fieldwork. The Turtle Bay Hotel site is situated 
close to the centre of Watamu town and is surrounded by 
three other hotels plus residential housing. In addition, 
there are intertidal rock pools, measuring about 40 m 
in width, in front of the hotel. The second hotel site was 
Garoda on Watamu’s peninsula, which is surrounded by 
one other hotel, residential housing, and rocky outcrops 
plus a number of rock pools smaller than those at the first 
site. The two hotels encourage their guests to utilise the 
beaches through arranging outdoor sporting and commer-
cial activities. Furthermore, both hotels regularly clean 
the beach fronts, and also remove washed up seagrass 
Thalassodendron ciliatum through sand raking.
The first residential housing site was Mwamba, in front of 
A Rocha Kenya’s Field Study Centre and guesthouse. This 
site has a substantial amount of scrub between the housing 
and the beach, but no rock pools are present. The second 
residential housing site was Plot 34, which has a similar 
amount of scrub between the residential house and the 
beach, and about 65 m of intertidal rock pools between the 
sandy beach and the sea; however, these were exposed 
only at extreme low tides, below 0.5 m.
Field methods
Beach profiles were measured at all four sites using the 
method proposed by Andrade and Ferreira (2006). The 
largest beach width was 85 m (Garoda) and the smallest 
65 m (Turtle Bay) (Figure 2). Wind came from the northeast, 
causing the wave action to be in a southwesterly direction, 
although the direction changes seasonally.
Each site was surveyed twice during November 2013, 
which produced 40 transects in total (see next paragraph). 
When possible, the four sites were surveyed on consecutive 
days in order to be within the same tidal cycle and hence to 
avoid tidal movement variation (Jones 1972). The surveys 
took place when low tide fell between 08:00 and 10:00 (cf. 
Jones 1972; Barros 2001; Lucrezi et al. 2009a) to allow 
the longest possible time for night-burrowing activity by the 
ghost crabs across the whole beach width and to ensure 
the least amount of burrow disturbance due to people using 
the beach in the mornings (Lucrezi et al. 2009a, 2009b; 
Lucrezi and Schlacher 2014). Surveys at the hotel sites 
occurred prior to sand raking. This methodology can be 
expected to produce the most realistic estimates of burrow 
density (Lucrezi et al. 2009a).
Five transect lines were laid at each site, from the edge 
of the scrub or hotel to the ocean edge, perpendicular to 
the shoreline. Transect surveys were repeated twice in the 
same month, creating a total of 40 transect surveys (or 10 
per site). At each site the five transect lines were initially 
placed 3, 5 or 10 m apart to ascertain the optimal distance 
between transect lines, in accordance with studies by 
Jones (1972) and Barros (2001); the final transects were 
placed 10 m apart. Following the same methods as Jones 
(1972), and to allow for a direct comparison of data, seven 
10-m2 circular plots (quadrats) were drawn out along each 
transect using a 1.78-m piece of string. This was centred on 
the transect tape every 8 m starting at 1.78 m (as in Barros 
2001). Within each plot, the size and number of all Ocypode 
burrows were noted, as was the total length of the transect 
to determine the full width of the beach (following Jones 
1972; Barros 2001). We assumed, in line with previous 
researchers, that the number of ghost crab burrows was 
directly related to the number of individuals (Barrass 1963; 
Jackson et al. 1991; Lucrezi et al. 2009b; Pombo and Turra 
2013). Ocypode species were identified when seen, using 
photographic identification and Richmond’s (2011) criteria 
when necessary. However, burrows were identified to genus 
level only; therefore, the measure of burrow density included 
burrows of all Ocypode species present.
Statistical analysis
A nested ANOVA was used to assess the difference in 
Ocypode burrow density in response to the adjoining housing 
type (hotel or residential housing) and the site (Turtle Bay, 
Garoda, Mwamba or Plot 34) nested within housing. The 
statistical analysis was run with Minitab 17 software.
Results
Observations showed that Ocypode ryderi and O. 
cordimanus were found at all four beach sites. In addition, 
O. cordimanus were observed with a variety of colour 
morphs. There was no significant effect of site nested 
within housing type (F2,36 = 1.41, p = 0.256), but residen-
tial housing had a significantly higher Ocypode burrow 
density than hotels (F1,36 = 29.02, p < 0.001) (Figure 3). 
Furthermore, a crude comparison of the Ocypode burrow 
density reported in Jones’ (1972) study at Turtle Bay (1.7 
burrows m–2) and the current data for the same site (0.12 
burrows m–2) revealed a 92.94% decline.
Discussion
The significantly lower Ocypode burrow density found at 
beaches adjoining the hotel sites compared to the residential 
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housing sites confirms previous findings that showed a 
negative impact of various types of human disturbance on 
ghost crab density (i.e. Barros 2001; Moss and McPhee 
2006; Lucrezi et al. 2009b; Aheto et al. 2011; Lucrezi and 
Schlacher 2014; Jonah et al. 2015). Hotel sites undoubt-
edly have a greater negative impact on coastal sites than 
residential housing due to the increased number of people 
attracted to the beach sites, with consequential increases in 
habitat disturbance, such as through destruction, fragmenta-
tion or modification (including beach cleaning), trampling and 
pollution (Reyes-Martínez et al. 2015).
The lowest Ocypode burrow density, at Turtle Bay, 
could be attributed to the site having buildings erected up 
to the sand-dune edge (cf. Barros 2001; Aheto et al. 2011; 
Noriega et al. 2012). As recognised by previous authors 
(Barros 2001; Aheto et al. 2011; Noriega et al. 2012), 
construction could have caused a lesser, but similar, 
reduction in Ocypode burrows on beaches with concrete 
walls. In addition, Reyes-Martínez et al. (2015) determined 
that increased urbanisation on beach fronts could lead to 
a loss of diversity and density of coastal species, and 
negatively impact macrofaunal communities, such as 
through local extinctions or changes in relative abundance 
of species (cf. Noriega et al. 2012). Furthermore, the 
Turtle Bay site had three additional hotel complexes 
surrounding it, whereas Garoda had only one other hotel 
nearby. In contrast, Mwamba and Plot 34 both had only 
houses situated more inland and more dispersed human 
activity. Consequently, human impacts such as trampling 
and habitat destruction would more likely have impacted 
the Ocypode burrow density at the hotel sites (cf. Wolcott 
and Wolcott 1984; Barros 2001; Moss and McPhee 2006; 
Schlacher and Lucrezi 2010; Noriega et al. 2012).
When the Ocypode burrow density at the Turtle Bay site 
was compared to that recorded by Jones (1972), a 92.94% 
reduction was found. The beach profile at Turtle Bay as 
recorded in this study remained comparable to that described 
by Jones (1972), although the landscape around the hotel 
has changed. For example, two additional hotels were built 
nearby in the 1990s and another was completed in 2013. 
This building activity could have negatively impacted the 
natural beach ecology, resulting in a decline of the Ocypode 
population and reduction in burrow density over the last 40 
years (Wolcott and Wolcott 1984; Barros 2001; Moss and 
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Figure 1: Map of Watamu, Kenya (3°22°41.4° S, 39°59°20.3° E), with insets showing its location in the Coast Province. The four study sites 
were: Garoda (3°23°08.8° S, 39°58°46.9° E), Plot 34 (3°22°55.2° S, 39°59°06.4° E), Mwamba (3°22°45.1° S, 39°59°21.7° E) and Turtle Bay 
(3°21°50.3° S, 40°00°16.6° E)
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McPhee 2006; Schlacher and Lucrezi 2010; Reyes-Martínez 
et al. 2015). However, the comparison of burrow density 
was relatively crude, and thus should not be used as a 
reliable indicator of actual change in the Ocypode popula-
tion (Schlacher et al. 2016). Additional research, utilising 
other sites that were also selected by Jones (1972), could 
provide further comparisons of ghost crab density over time. 
This would establish whether different coastal locations have 
been similarly affected, or whether Turtle Bay is unique.
This East African study extends the use of Ocypode 
species as indicators of beach disturbance caused by 
adjoining urbanisation, such as through habitat destruction, 
fragmentation or modification, trampling and pollution. 
Moreover, this study suggests the utility of the survey 
method for examining impacts before and after manage-
ment interventions in designated areas like WMNP (as well 
as other types of landscapes within the range of Ocypode 
species), especially to determine if the exclusion of a 
particular human activity (such as outdoor sporting activi-
ties) is needed to protect the beach ecosystem.
Conclusions
This study provides additional evidence that Ocypode 
species appear sensitive to increased urbanisation, 
whereby the number of burrows decreases in relation 
to increased levels of development and human use. 
Furthermore, it demonstrates that Ocypode burrow density 
can be used to estimate negative impacts to beaches, 
such as within marine protected areas and other coastal 
reserves, where other assessment methods might be 
impractical. We demonstrate that for one East African site, 
where a basic comparison of Ocypode burrow density was 
performed using studies separated by a 40-year interval, 
there has been a dramatic decrease in Ocypode burrow 
density. We suggest that it is likely that urbanisation has 
already negatively impacted the beach fauna of Watamu 
Marine National Park and that this ecosystem should be 
actively reconsidered for management intervention.
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Figure 3: Mean Ocypode burrow density (burrows m–2 ± SE) was 
significantly lower at hotel sites than at residential housing sites 
(F1,36 = 29.02, p < 0.001), but there was no effect of site nested 
within housing (F 2,36 = 1.41, p = 0.256)
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